Introduction
Nitric oxide (NO) is involved in the killing of infectious agents by macrophages. This has been shown for intracellular pathogens, like Leishmania major, Toxoplasma gondii, and extracellular pathogens, like Schistosoma monsoni, Cryptococcus neoformans (1) , and recently also for Trypanosoma musculi (2) . The mode of action of NO mediated killing of pathogens seems to be intracellular iron loss, metabolic inhibition of iron-containing enzymes of the mitochondrial electron transport chain, of aconitase, and inhibition of DNA synthesis (1) .
NO is synthesized in murine macrophages and fibroblasts from L-arginine with tetrahydrobiopterin (BH 4 ) as cofactor, upon activation by interferon-gamma synergistically with tumor necrosis factor; the same agents induce also the synthesis of BH 4 (3).
In humans and primates, serum levels of biopterin (B) and neopterin (N) are comparable in the nmol/1 range. Activation of the cellular immune system leads via induction of interferons to a rise of N. Compared to lower mammals, macrophages of primates contain markedly lower levels of pyruvoyltetrahydropterin synthase. This enzyme catalyses the conversion of dihydroneopterin triphosphate to pyruvoyltetrahydropterin, the second step in the BH 4 biosynthesis. In other mammals frequently high Β but no or only low levels of Ν are found; however, immune stimulation can increase Ν (4). The high neopterin levels in primates are hitherto unexplained, as no function for neopterin has been found yet.
Since interferon-gamma production and activation of macrophages occur during the course of Trypanosoma 
Material and Methods
African dogs (Liberians) were infected via the tse-tse fly as their natural vector, 2 dogs with Trypanosoma congolense and 2 with Trypanosoma brucei. The infected animals were monitored for parasitological, haematological, and clinical parameters (P. Wiegers, Doctoral Thesis). Serum samples were stored at -20 : C. Serum neopterin (direct) and biopterin (total; after acidic Mn0 2 -oxidation) were determined by radioimmunoassay.
Results and Discussion
The extracellular non-human pathogen Trypanosoma congolense gave rise to a slow self-limiting infection (about 100 days), whereas Trypanosoma brucei lead to a fast and lethal infection (about 20 days).
Production of interferon-gamma in Trypanosoma-infected animals has been shown implicitly (5) . Interferons are species specific, therefore bioassays have to be performed on fibroblasts of the species investigated. Immunoassays have to employ monoclonal or polyclonal antibodies raised against the interferons of the particular species. Interferons of most species, except human and murine interferons, are not yet well characterised; this leads to substantial difficulties in production of antibodies and standardisation of results. Interferons could be detected in sera of the dogs Rokos et High serum biopterin (ca. 40 nmol/1) and low neopterin (ca. 5 nmol/1) was found in normal dogs. After infection with T. brucei, the first parasitemic phase (parasite numbers about 0.3 -2 · 10 6 /ml) was seen at day 8 -9, followed by another burst 5 -8 days before death, which occurred on day 20 and 22. Neopterin and biopterin levels rose to about 5 -7 and 4 fold, respectively, on days 6 -8 (see Figure 1 for follow-up of one of these dogs). Both pterins remained elevated thereafter. In the other dog Β increased further to 294 nmol/1 2 days before death, the higheest level detected.
Infection with T. congolense lead to the first parasitemic phase (0.5-1.2 · 10 6 parasites/ml) around day 46 with an increase in Ν and Β to about 3 and 2.5 -6 fold, respectively, on days 41 -46. Later in this slow infection usually some more parasite bursts occur, which may have been missed due to the broad sampling intervals; the fluctuating pterin levels probably reflect this (see Figure 2 for one of the dogs).
Since sera were not available daily, the maximal values of Ν, B, and parasite numbers in this follow-up may have not been obtained, especially in the slow infection. Therefore, no correlation of these parameters was attempted. However, it should be noted that Ν values during the first parasitic phase are much higher in the dogs with T. brucei than with T. congolense infection, 5 -7 fold and 3 fold of normal, resp. Serum Β and Ν rise before parasite numbers. It remains to be shown, whether increased Β leads to higher NO, which in turn could be responsible for lower parasitemia.
The rise in biopterin and neopterin serum levels in the dogs after Trypanosoma infection support the involvement of interferons and activation of the cellular immune system. Both pterins seem suited for followup studies; however, determination of neopterin is easier as no oxidation step is necessary before radioimmunoassay. Further studies will give more detailed information and show which immune cells are responsible for increased biopterin and neopterin production after Trypanosoma infections. 
